Introduction {#S0001}
============

Type 2 diabetes mellitus (T2DM) is a type of progressive endocrine disease associated with various metabolic disorders that is clinically characterized by hyperglycemia.[@CIT0001] According to the latest Diabetes Atlas released by the International Diabetes Federation (IDF) in 2019, approximately 463 million adults aged 20 to 79 years old in the world have diabetes. It is estimated that in 2045, the number of individuals with diabetes mellitus (DM) will reach 700.2 million. In 2019, the number of diabetic patients in China was 116 million, and the number is expected to be 147 million by 2045. In addition, diabetes is accompanied by many complications. In recent years, DM incidence has been exhibiting increasing trends in younger populations. According to the IDF report, diabetes and its complications were responsible for the deaths of approximately 4.2 million adults aged 20 to 79 in 2019, which accounts for 11.3% of global deaths.

Diabetic nephropathy (DN) and diabetic retinopathy (DR) are two typical microvascular complications of T2DM. DN is progressive renal failure characterized by persistent proteinuria and hypertension,[@CIT0002]--[@CIT0004] which is one of the most common complications of diabetes[@CIT0005] and the major pathogenesis of end-stage renal disease (ESRD) in developed countries. DR patients lose their vision due to retinal detachment, preretinal or vitreous haemorrhage, neovascular glaucoma, macular degeneration or capillary perfusion.[@CIT0006] Kainz et al predicted that the prevalence of ESRD caused by DN would increase by 3.2% per year from 2012 to 2015.[@CIT0007] In China, the incidence of DN in patients with T2DM is 20% to 40%.[@CIT0002] The global incidence of DR is nearly 30%.[@CIT0008] In 2010, the number of patients with DR was 126.6 million worldwide, and this number is expected to increase by approximately 50.87% in 20 years.[@CIT0009] In this study, we collected 4219 effective data points, revealing a prevalence of DN of 27.97% and a prevalence of DR of 11.33%. DN and DR not only impose a heavy financial burden associated with medical treatment but also seriously affect the quality of life of the patients and increases the risk of death of T2DM patients.[@CIT0002] DN and DR are closely related. Some studies have shown that the prevalence of DR in patients with DN confirmed by biopsy was 48%,[@CIT0009] and the prevalence of DN in patients with confirmed DR was 35.6%.[@CIT0010] Compared with the prevalence of DN or DR mentioned above, DN significantly increased the possibility of developing DR in these patients,[@CIT0011] and the same is true for the opposite relationship. There is evidence that DR has a potential role in predicting the occurrence of DN.[@CIT0012] In the clinical diagnosis of DN, the disease course of DR is also an important factor.[@CIT0013] Compared with DN patients with DR, DN patients without DR have less renal damage and better prognosis.[@CIT0014] On the other hand, many studies have shown that proteinuria is not only a diagnostic sign of DN but also a diagnostic sign of DR. The reasons for the connection between DN and DR in different studies are as follows. Some studies have shown that the gene 677C/T polymorphism might be related to an increased risk of DN and DR.[@CIT0015] Some scholars think that there are similar molecular pathways leading to damage to the diabetic kidney and retinal microvasculature,[@CIT0016],[@CIT0017] and oxidative stress plays an important role in this process.[@CIT0018]

This study aims to build a convenient and practical prediction model to evaluate the risk of DN or DR in T2DM patients. At present, most literature related to T2DM is related to factors of DN or DR. To avoid neglecting the potential relationship between DN and DR and improve the reliability of the results, this study first screened the risk factors for DN and DR, and patients with both DN and DR were further tested.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

Through cooperation with the community health centre affiliated with Shanghai University of Traditional Chinese Medicine, a retrospective survey of T2DM patients in six communities in Shanghai was carried out from September 2014 to September 2019, including the Community of Huamu, the Community of Jinyang, the Community of Sanlin, the Community of Siping, the Community of Yinhang and the Community of Daqiao. In the process of data sorting, the patients with abnormal or missing indicators were removed. The following were the inclusion criteria: patients with T2DM with a registered regional household or who were permanent residents (living in the community for more than 6 months). None of the participants had severe chronic diseases (advanced malignant tumour, cirrhosis, liver failure, myocardial infarction or severe heart failure). Finally, 4219 patients were included in the study. Among them, 1180 diabetes patients were diagnosed with DN, 478 with DR, and 417 with DN and DR. Before the data were included in the study, we obtained informed consent from all participants, and they signed an informed consent form.

For the diagnosis of DR, the fundi of patients were examined by using a nonmydriatic fundus camera (CR-2 AF, Canon Inc., Tokyo, Japan) to obtain digital, colour and nonstereoscopic retina photos. A 45° digital retinal photograph of the posterior pole of each eye was saved in JPG format (2592×1728 pixels). According to the severity classification definition of early Treatment Diabetic Retinopathy (ETDRS), if any characteristic lesions are detected, the patient will be diagnosed as DR, including microarterial aneurysm, hard exudate, wadding spot, hemorrhage, new retinal vessels, proliferative vitreoretinopathy (PVR), photocoagulation scar, retinal detachment vitreoretinopathy.[@CIT0019],[@CIT0020] The minimum standard for DR diagnosis is to have at least one confirmed microaneurysm in any photography area.[@CIT0019] There were obvious differences between normal retinas and pathological retinas ([Figure 1](#F0001){ref-type="fig"}). According to the ratio of microalbumin to creatinine (ACR), DN was divided into three stages: non-albuminuria (NAU) with ACR \< 30 mg/g, microalbuminuria (MAU) with 30≤ACR≤300 mg/g, and clinical albuminuria (CAU) with ACR\>300 mg/g.[@CIT0021] Both MAU and CAU indicated DN in this study.Figure 1The fundus photos of non-DR and DR patients with T2DM.**Notes:** (**A**) The fundus photo reflects the normal fundus characteristics of patients with T2DM. (**B**) The fundus photo reflects the abnormal fundus characteristics of DR patients.

Methods {#S0002-S2002}
-------

### Index Measurement Method {#S0002-S2002-S3001}

In this study, biochemical indexes were tested in cooperation with affiliated community health centres and central hospitals. According to China guideline for type 2 diabetes 2017, some relevant blood and urine indexes of patients were tested. Biochemical indexes included fasting blood glucose (FBG), postprandial blood glucose (PBG), glycosylated haemoglobin A1c (HbA1c), total cholesterol (TC), triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), blood urea nitrogen (BUN), serum creatinine (SCR), uric acid (UA), uric creatinine (UCR) and urinary microalbumin (UMA). ACR was calculated according to the UCR and UMA. All eligible participants were informed in advance to maintain a normal lifestyle for at least 5 days before the biochemical test and to fast for at least 10 hours before the test. The patients' fasting blood samples were collected before the participants could eat. Blood samples were taken again 2 hours after a meal. Additionally, the patients were asked to empty their bladder and collect their urine at 2 hours. All blood samples were centrifuged in situ within 30 minutes after collection and sent to Ruijin Hospital Affiliated with Shanghai Jiaotong University for inspection on the same day. Urine biochemical indexes were analysed by urine test 500B (RIT, China). The investigators conducted a questionnaire survey, and the design of the questionnaire referred to the relevant content in the China guideline for type 2 diabetes 2017, including sociodemographic characteristics (sex, age), lifestyle factors (smoking, alcohol), disease course, family history of diabetes (FHD) and complications (DN and DR). Body mass index (BMI) and abdominal obesity (Aobesity) were calculated according to the weight, height and waist circumference that were measured by a standardized protocol. After the participants had been sitting for 5 minutes, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured with the sphygmomanometer (Model: HEM-7137. Specification: body weight excluding battery: 300g, width: 110mm, height: 86mm, length excluding arm belt: 150 mm; arm belt (central part of upper arm): 220mm-320mm. China drug regulatory No.: 2016 No. 2200146).

### Statistical Analysis {#S0002-S2002-S3002}

According to the incidence of DN and DR, 4219 patients in our study could be divided into groups as follows: T2DM patients with DN or DR, patients with both, and patients without any complications. The purpose of this study was to establish a risk prediction model for DN and DR in patients with T2DM. All data analyses in this study were conducted by R software (version 3.6.2; [<https://www.r-project.org>]{.ul}). First, we screened the risk factors for DN and DR by the least absolute contraction selection operator (LASSO). This method is suitable for high dimensional data compression and can be used to analyse the optimal predicted risk factors of the disease.[@CIT0022] After features with nonzero coefficients in the LASSO regression model were selected, multivariable logistic regression analysis was performed on patients with DN and DR to screen out all significant risk factors. Multivariable logistic regression analysis was usually used to develop the predicting model[@CIT0023] Due to the potential connection between DN and DR, to ensure the accuracy of the results, we carried out multivariable logistic regression analysis of the above significant risk factors on the sample data of patients with both DN and DR. The features were assessed by odds ratios (ORs) with 95% confidence intervals (CIs), and the corresponding P-values were then obtained. The statistical significance levels were all two-sided. Then, we selected features with P≤0.05 and built the nomogram prediction model and tested the accuracy of the above features through nomogram−predicted probability of DN or DR incidence risk, calibration, C index, receiver operating characteristic (ROC) curve, and decision curve analysis (DCA) measurements. ROC curve with AUC is a useful tool to evaluate the performance of biomedical and chemoinformatics data.[@CIT0024] And DCA can be used in performance measures for prediction models.[@CIT0025] The reliability and replicability of above study methods have been proved in many other studies. Lyu et al carried out logistic regression analysis to establish the risk prediction model of new acute coronary artery disease in the population with type 2 diabetes. And the stability of the model is verified by calibration, C index, ROC and DCA.[@CIT0026] An article published in EBioMedicine applied the similar methods were used to screen the undiagnosed diabetes.[@CIT0027] Besides, these methods were also used to predict the risk of drug noncompliance in Chinese patients with inflammatory rheumatism.[@CIT0002],[@CIT0002] To further verify the stability of this prediction model, the whole data set was used for internal verification, and the C index was obtained.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

The 4219 T2DM patients in our study were divided into four groups: patients without DN or DR (n =2144), patients with DR and no DN (n=478), patients with DN and no DR (n=1180), and patients with DN and DR (n=417). Among all participants, there were 1775 men and 2444 women. The mean age of the participants was 64.50±6.76 years. The specific demographic indicators and clinical characteristics of the four groups are given in [Table 1](#T0001){ref-type="table"}.Table 1Demographic and Clinical Characteristics of Patients in the NDRNDN, DRNDN, NDRDN and DRDN GroupsNDRNDN (n=2144)DRNDN (n=478)NDRDN (n=1180)DRDN (n=417)Total (n=4219)Sex Female1212 (56.5%)274 (57.3%)714 (60.5%)244 (58.5%)2444 (57.9%) Male932 (43.5%)204 (42.7%)466 (39.5%)173 (41.5%)1775 (42.1%)Age (years)64.34±6.5663.34±6.9365.29±7.0064.43±6.6364.50±6.76Disease course (years)7.00 (3.00, 12.00)11.00 (6.00, 16.00)8.00 (4.00, 14.00)11.00 (7.00, 16.00)8.00 (4.00, 14.00)FHD866 (40.4%)235 (49.2%)450 (38. 1%)172 (41.2%)1723 (40.8%)Smoking526 (24.5%)130 (27.2%)279 (23.6%)122 (29.3%)1057 (25.1%)Alcohol522 (24.3%)133 (27.8%)259 (21.9%)105 (25.2%)1019 (24.2%)Aobesity1247 (58.2%)284 (59.4%)660 (55.9%)246 (59.0%)2437 (57.8%)BMI (kg/m2)25.23±3.3825.24±3.2426.10±3.3026.26±3.3925.57±3.37SBP (mmHg)140.56±17.68143.23±17.83150.82±20.00153.53±20.31145.01±19.35DBP (mmHg)80.18±9.9879.27±10.7183.37±10.8482.28±10.8981.18±10.51FBG (mmol/L)7.00 (6.00,8.40)7.90 (6.43, 9.70)7.75 (6.40, 9.40)8.70 (7.00, 11.10)7.40 (6.20, 9.10)PBG (mmol/L)11.31±4.4413.52±5.0312.69±4.7014.59±4.9412.27±4.76HbA1c (%)6.70 (6.10, 7.50)7.40 (6.53, 8.60)7.10 (6.40, 8.10)7.90 (7.00, 9.40)7.00 (6.30, 8.00)TC (mmol/L)4.88±1.074.80±1.114.95±1.064.94±1.154.89±1.08TGs (mmol/L)1.54 (1.14, 2.13)1.56 (1.13, 2.13)1.74 (1.28, 2.45)1.76 (0.26, 2.51)1.61 (1.18, 2.26)LDL-C(mmol/L)1.61±0.451.59±0.471.65±0.461.62±0.481.62±0.46HDL-C (mmol/L)1.59±0.381.58±0.381.55±0.361.53±0.401.57±0.38BUN (mmol/L)5.27 (4.40, 6.28)5.54 (4.65, 6.55)5.51 (4.54, 6.60)5.66 (4.57, 6.73)5.41 (4.45, 6.46)SCR (μmol/L)65.00 (55.00, 76.00)63.00 (54.00, 74.00)65.00 (54.00, 77.00)64.00 (54.00, 79.00)65.00 (55.00, 76.00)UA (μmol/L)313.94±76.97299.54±74.91320.88±82.67313.95±75.32314.25±78.43UCR (umol/L)9.21 (6.13, 11.90)9.07 (5.79, 11.82)9.41 (6.09, 11.86)8.22 (5.11, 11.34)9.08 (6.02, 11.84)UMA (mg/L)12.00 (6.00, 20.00)12.00 (7.00, 21.00)73.00 (45.00, 169.50)93.00 (45.00, 210.00)21.00 (9.00, 55.50)ACR (mg/g)11.73 (6.79, 17.89)12.79 (7.09, 19.81)72.39 (43.90, 151.58)101.59 (49.82, 200.16)20.06 (9.75, 53.38)[^1]

Feature Selection {#S0003-S2002}
-----------------

In terms of demography and clinical characteristics, we included 23 potential predictors. Using the LASSO regression method, we selected nonzero features in the LASSO regression; thus, the number of potential predictors was 7 in DNNDR ([Table 2](#T0002){ref-type="table"}, [Figure 2A](#F0002){ref-type="fig"} and B) and 4 in DRNDN ([Table 3](#T0003){ref-type="table"}, [Figure 3A](#F0003){ref-type="fig"} and B). Five risk characteristic factors with P values less than 0.05 in DNNDR ([Table 4](#T0004){ref-type="table"}) and 3 risk characteristic factors with P values less than 0.05 in DRNDN ([Table 5](#T0005){ref-type="table"}) were then screened out by logistic regression.Table 2Screening Out Risk Factors for DN by LASSO RegressionFactorsCoefficientsLambda.MinBMI (kg/m2)0.0200.025SBP (mmHg)0.021FBG (mmol/L)0.031PBG (mmol/L)0.007HbA1c (%)0.079TGs (mmol/L)0.037BUN (mmol/L)0.005 Table 3Screening Out Risk Factors for DR by LASSO RegressionFactorsCoefficientsLambda.MinFBG (mmol/L)00.035PBG (mmol/L)0.017HbA1c (%)0.146Disease course (years)0.027 Table 4Screening Out Risk Factors for DN by Logistic Regressionβ-CoefficientWald-TestP-valueOR (95% CI)BMI (kg/m^2^)0.0474.035\<0.0011.048 (1.024--1.072)SBP (mmHg)0.02612.086\<0.0011.026 (1.022--1.030)FBG (mmol/L)0.0271.0850.2781.027 (0.979--1.079)PBG (mmol/L)0.0191.7230.0851.019 (0.997--1.040)HbA1c (%)0.1473.591\<0.0011.158 (1.069--1.255)TGs (mmol/L)0.1003.0380.0021.105 (1.036--1.180)BUN (mmol/L)0.0642.6470.0081.067 (1.017--1.119) Table 5Screening Out Risk Factors for DR by Logistic Regressionβ-CoefficientWald-TestP-valueOR (95% CI)FBG (mmol/L)0.0290.9900.3221.030 (0.971--1.092)PBG (mmol/L)0.0392.7700.0061.040 (1.012--1.070)HbA1c (%)0.2013.958\<0.0011.222 (1.106--1.350)Disease course (years)0.0506.822\<0.0011.051 (1.036--1.066) Figure 2Demographic and clinical feature selection using the LASSO binary logistic regression model for DN.**Notes:** (**A**) Optimal parameter (lambda) selection in the LASSO model used fivefold cross-validation based on minimum criteria. The partial likelihood deviance (binomial deviance) curve was plotted versus log (lambda). Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the minimum criteria (the 1-SE criteria). (**B**) LASSO coefficient profiles of the 7 features. A coefficient profile plot was produced against the log (lambda) sequence. A vertical line was drawn at the value selected using fivefold cross-validation, where optimal lambda resulted in seven features with nonzero coefficients.**Abbreviations:** LASSO, least absolute shrinkage and selection operator; SE, standard error.Figure 3Demographic and clinical feature selection using the LASSO binary logistic regression model for DR.**Notes:** (**A**) Optimal parameter (lambda) selection in the LASSO model used fivefold cross-validation based on minimum criteria. The partial likelihood deviance (binomial deviance) curve was plotted versus log (lambda). Dotted vertical lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the minimum criteria (the 1-SE criteria). (**B**) LASSO coefficient profiles of the 4 features. A coefficient profile plot was produced against the log (lambda) sequence. A vertical line was drawn at the value selected using fivefold cross-validation, where optimal lambda resulted in four features with nonzero coefficients.**Abbreviations:** LASSO, least absolute shrinkage and selection operator; SE, standard error.

Development of an Individualized Prediction Model {#S0003-S2003}
-------------------------------------------------

Seven characteristic variables (disease course, BMI, TGs, SBP, PBG, HbA1c and BUN) were screened out in DNNDR and DRNDN by logistic regression. Logistic regression analysis of the above significant risk factors using the sample data with both DN and DR was carried out, and all risk factors had P values less than 0.05 ([Table 6](#T0006){ref-type="table"}). The result is shown in the forest plot ([Figure 4](#F0004){ref-type="fig"}). We combined the above 7 independent predictors to develop a prediction model and display it as a nomogram diagram ([Figure 5](#F0005){ref-type="fig"}).Table 6The Model to Predict the DN Combined with DR Established by Logistic Regressionβ-CoefficientWald-TestP-valueOR (95% CI)Disease course (years)0.0455.146\<0.0011.046 (1.028--1.064)BMI (kg/m^2^)0.0522.9240.0031.053 (1.017--1.091)SBP (mmHg)0.03410.125\<0.0011.034 (1.028--1.041)PBG (mmol/L)0.0443.0150.0031.045 (1.016--1.076)HbA1c (%)0.4489.652\<0.0011.565 (1.429--1.714)TGs (mmol/L)0.1212.4180.0161.129 (1.021--1.243)BUN (mmol/L)0.1113.0570.0021.117 (1.040--1.199) Figure 4Forest plot of the OR of the selected feature. Use of forest plot for outcome of logistic regression analysis.Figure 5Developed nomogram for DN or DR.**Notes:** The nomogram for DN or DR in T2DM patients was developed in the cohort by integrating disease course, BMI, TGs, SBP, PBG, HbA1c and BUN.

Apparent Performance of the Diabetic Nephropathy or Diabetic Retinopathy Risk Nomogram in the Array {#S0003-S2004}
---------------------------------------------------------------------------------------------------

For 417 T2DM patients in the array, the calibration curve of the nomogram to predict the DN or DR risk in T2DM patients showed moderate agreement ([Figure 6](#F0006){ref-type="fig"}). The C-index of the nomogram was 0.807 (0.784--0.830), as shown in [Table 7](#T0007){ref-type="table"}, and the C-index of the internal verification was 0.804, which indicated that the model had medium prediction accuracy. The pooled area under the ROC curve was 0.807 ([Figure 7](#F0007){ref-type="fig"}), which indicates moderately good performance. To summarize the results from the above verification, the nomogram of the model has medium predictive ability.Table 7C-Index in the ArrayC-index(95% CI)DxyaDxyVarianceZ-valueP-valuen0.807 (0.784--0.830)0.6150.6150.02327.0802561 Figure 6Calibration curves of the DN or DR incidence risk nomogram prediction in the array.**Notes:** The x-axis represents the predicted incidence risk. The y-axis represents the actual diagnosed DN or DR. The diagonal dotted line represents a perfect prediction by an ideal model. The solid line represents the performance of the nomogram; a closer fit to the diagonal dotted line represents a better prediction.Figure 7The pooled AUC of the ROC curve.**Notes:** The y-axis indicates the true positive rate of the risk prediction. The x-axis indicates the false-positive rate of the risk prediction. The blue line represents the performance of the nomogram.

Clinical Use {#S0003-S2005}
------------

The decision curve implied that if the threshold probability of a patient and a doctor is 16% and 75%, respectively, applying this nomogram in the present study to predict DN or DR incidence risk is more effective than the intervention-for-all-patients scheme ([Figure 8](#F0008){ref-type="fig"}).Figure 8Decision curve analysis for the incidence risk nomogram of DN or DR.**Notes:** The y-axis indicates the net benefit. The dotted line represents the incidence risk nomogram of DN or DR. The thin solid line represents the assumption that all patients are diagnosed as DN or DR. Thin thick solid line represents the assumption that no patients are diagnosed as DN or DR.

Discussion {#S0004}
==========

Recently, many studies have used nomograms in medicine and oncology because nomograms have the benefits of user-friendly interfaces, better accuracy and more easily understood results.[@CIT0028]

An innovative prediction tool for the incidence risk of DN or DR among T2DM patients was developed with only seven easily available variables. A prediction app was developed using R language with the shiny package; the URL is [<https://doctorhu.shinyapps.io/DN_DR_DynNomapp/>]{.ul}. Integrating demographic, disease, lifestyle habits, physical examination results and biochemical test results into a user-friendly nomogram benefited the prediction of DN or DR incidence among T2DM patients. Internal validation in the cohort displayed moderate-good distinction and validation capabilities; particularly, our moderate C-index in the internal verification showed that this nomogram can be correctly used in a wide range of individuals due to the considerable sample size.[@CIT0028]

As an example to better explain the nomogram, if the T2DM patient's disease course was 9 years, BMI was 23.60 kg/m^2^, TGs were 1.14 mmol/l, SBP was 170 mmHg, PBG was 15.7 mmol/l, HbA1c was 8%, and BUN was 4.46 mmol/l, the probability of DN or DR was estimated to be 28.3% ([Figure 9](#F0009){ref-type="fig"}).Figure 9An example of nomogram for DN or DR.**Notes:** HbA1c, SBP and disease course are the main contributors to the prediction model, BUN, PBG and BMI are the medium contributors, and TG is the minimum contributor.

Prevalence of DN Combined with DR Among T2DM Patients Was Consistent with Other Studies {#S0004-S2001}
---------------------------------------------------------------------------------------

The prevalence of DN and DR in community-based patients with T2DM in our study was 27.97% and 11.33%, respectively, and the prevalence of DN complicated with DR was 9.88%, which was consistent with other studies.

Thirty-nine percent of 32,208 patients with T2DM from 33 countries were found to have MAU, and 10% were found to have CAU in a previous study. The National Health and Nutrition Survey revealed that 23.7% of T2DM patients had DN in the United States.[@CIT0029],[@CIT0030] According to a retrospective review of T2DM by the Chinese Diabetes Society in 2001, the prevalence of renal complications in T2DM patients in 3A hospitals was 34.7%.[@CIT0031] The investigation implemented with outpatients in six Shanghai communities revealed that the prevalence of DN in patients with diabetes was 38.4%.[@CIT0031] A global case-control study involving 2535 patients with T2DM from 24 areas of 13 countries found that 48.05% of T2DM patients had DR.[@CIT0032] A survey in Iran Yazd showed that the prevalence of DM was high,[@CIT0033] and the prevalence of DR was 39.3%.[@CIT0034] Another cross-sectional study in Yazd Diabetes Research Center in 2014 showed that the prevalence of DR was 41%.[@CIT0035] According to a study in China, 10.7% and 10.8% of T2DM patients suffered from DN and ocular lesions, respectively.[@CIT0036] A total of 6.16% of patients with T2DM developed DN combined with DR.[@CIT0037] A total of 35.6% of patients with T2DM developed DR on the basis of DN, while the prevalence was 35.34% in this study.[@CIT0010]

Main Risk Factors for T2DM with DN or DR {#S0004-S2002}
----------------------------------------

Through the risk factor analysis, disease course, BMI, TGs, SBP, PBG, HbA1c and BUN were related to the incidence of DN and DR in T2DM patients. This nomogram indicated that longer disease course and higher BMI, TGs, SBP, PBG, HbA1c and BUN may be independent risk factors that affect the incidence risk of DN or DR for T2DM patients.

### Disease course {#S0004-S2002-S3001}

This study concluded that disease course is an interfering factor in both DR and DN combined with DR. A 12-year follow-up study from Karachi-Pakistan found that a longer duration of DM was associated with the incidence of these complications. By analysing data records of T2DM outpatients, the morbidity data show that DR, neuropathy, and DN were markedly higher in DM patients with a duration of diabetes \>10 years, followed by those with a duration of 5--10 years.[@CIT0038] Jiang et al developed a predictive model incorporating risk factors, including the duration of diabetes, and found that classic T2DM patients with DN usually had a disease duration over 10 years.[@CIT0039] A Saudi National study including a total of 54,670 T2DM patients found a strong correlation between duration and DN incidence, recording that 21.8% of patients over 15 years of age had DN.[@CIT0040] Inassi et al worked on the association between DN and the duration of diabetes and found that as the duration increased, renal function was gradually impaired.[@CIT0041] A study on Thai patients with T2DM identified the duration of diabetes as a risk factor for DN based on a cross-sectional study.[@CIT0042]

### Body Mass Index and Triglycerides {#S0004-S2002-S3002}

High BMI and TGs indicate that patients are obese and have a higher possibility of poor blood lipid status. In this study, we found that BMI and TGs were high-risk factors for DN and DN combined with DR in T2DM patients, which verified the conclusions of other studies. Multivariate model analysis illustrated that the risk for a negative renal function outcome is significantly associated with increasing BMI.[@CIT0043] Morbid obesity may be an influencing factor of chronic kidney disease (CKD) in women.[@CIT0044] A U-shaped association between BMI and DR in Chinese T2DM patients was found by Lu et al.[@CIT0045] A central-based, cross-sectional study containing 518 DM patients showed the relationship between DR and BMI in adult patients with T2DM. The correlation study between DR and BMI found that BMI had an inverse relationship with DR when BMI was deemed a continuous variable (p = 0.009 and correlation coefficient 0.467).[@CIT0035] A study involving 17,152 patients demonstrated a high correlation between TGs and DR in T2DM patients (P \< 0.001).[@CIT0046] The Singapore Malay Eye study showed that a high TC level was a factor that protected against DR.[@CIT0047] In China, a community-based study found that the TC/TG ratio affected the presence of DR in Chinese T2DM patients.[@CIT0048]

### Systolic Blood Pressure {#S0004-S2002-S3003}

T2DM patients frequently suffer from comorbidities, such as obesity and depression.[@CIT0049] The comorbidity most strongly related to T2DM is hypertension. SBP is one of the main diagnostic indicators of hypertension. Hypertension is the basis of arteriosclerosis, which can cause endothelial hyperplasia, sclerosis, vascular stenosis and even occlusion, thus causing retinal ischaemia, hypoxia, haemangioma, and neovascularization, eventually leading to DR. This study showed that SBP is a risk factor for DN as well as DN combined with DR in T2DM patients. It has been proven that in patients with T2DM, hypertension is a key individual risk factor for the incidence and progression of DN. Relevant studies demonstrated that the level of SBP also influences the risk of DR. The UK Prospective Diabetes Study (UKPDS) is the only intervention study of sufficient scale to study the effect of lowering blood glucose and blood pressure on DR in DM patients. Among the 1148 hypertensive patients, blood pressure control lowered the occurrence and development of retinopathy by 34% after 7.5 years.[@CIT0050] A retrospective case-control study of Asian T2DM patients concluded that both wider variability in SBP and a higher mean SBP were related to moderate DR.[@CIT0051] For subjects with impaired glucose regulation, elevated blood pressure, including systolic and diastolic blood pressure, would increase the risk of diabetic retinopathy.[@CIT0052] Through a survey of 16,305 patients with DR in eight hospitals in mainland China, a higher level of SBP was one of the risk factors for the presence of DR in patients with T2DM.[@CIT0053]

### Postprandial Blood Glucose and Glycosylated Haemoglobin A1c {#S0004-S2002-S3004}

Both PBG and HbA1c are indicators of blood sugar. The former indicates the degree of blood glucose fluctuation, while the latter indicates the mean level of blood glucose in the past two or three months. HbA1c is the key parameter for controlling diabetes, as it is associated with the risk of diabetic complications.[@CIT0054] A study in Taiwan found that HbA1c is an indicator for microalbuminuria development among T2DM patients.[@CIT0055] Among T2DM studies, glucose variability showed a positive association with the progression of DR.[@CIT0054] A ten-year survey follow-up of diabetes patients in Taiwan showed that visit-to-visit glucose variations in both FPG-CV and HbA1c-CV independently predicted ESRD in patients with T2DM duration \>30 years.[@CIT0056] Some data show that glucose variability, namely, fasting plasma glucose variability, and retinopathy in T2DM patients have a possible connection.[@CIT0057] To reduce the risk of long-term complications such as DR and DN, maintaining an HbA1c concentration of 7.0% or less is recommended for all patients with diabetes.[@CIT0058]

### Blood Urea Nitrogen {#S0004-S2002-S3005}

BUN is the end product of human protein metabolism and is the main nitrogen-containing substance excreted by the kidney. When the filtration function of the glomerulus is weakened, the level of BUN will increase. BUN is used to evaluate the function of the kidney. An epidemiological survey of T2DM in premenopausal and postmenopausal women in China found that BUN plays an important role in abnormal renal function,[@CIT0059] which was consistent with this study. Li yongmei et al found that male T2DM patients were vulnerable to having high UA among those with higher BMI (OR 1.711, p = 0.038), BUN (OR 1.100, p = 0.034), and 24-hour urinary microalbumin levels (OR 1.004, p = 0.021). In this study, BUN was considered not only a predictor of DN but also an influencing factor of DR combined with DN. A population-based study indicated that BUN was directly associated with DR. Moreover, a strong relationship was found between DN and DR.[@CIT0010] Guihua et al illustrated higher blood urea nitrogen (BUN) (OR, 1.012) as a characteristic variable of the presence of DR through the Lifeline Express Diabetic Retinopathy Screening Program.[@CIT0053]

Limitations {#S0005}
===========

This study is somewhat limited. First, the data we collected mainly focus on T2DM patients in Shanghai communities, which cannot represent all T2DM patients in China. In addition, our data collection phase required the on-site participation of patients, and patients with T2DM who were seriously ill in the hospital or undergoing home treatment had no way to participate in our study. Second, this was a cross-sectional study. The patients with DN or DR were observed in the static state, without the monitoring of the dynamic change process. If the patients' indicators were tested dynamically, the accuracy of the prediction model would be improved to a certain extent. Third, although the stability of our nomogram had been tested in the internal validation of the same population, the external validation in other T2DM populations in other regions or countries was not performed. In summary, the study findings need to be evaluated and validated in a broader population. Finally, indicators of this study can also include patient education, income and drug use, such as antihypertensive drugs and lipid-lowering drugs.

Conclusion {#S0006}
==========

Currently, most of the studies on DN or DR in T2DM patients in China are mainly focused on inpatients, and there are few epidemiological investigations involving community patients. This study established a simple nomogram with a comparatively moderate accuracy to evaluate the risk of DN or DR incidence in patients with T2DM. By assessing T2DM individuals, clinicians can implement effective interventions for patients and provide health education in regard to the lifestyle of patients. This nomogram needs more extensive clinical external verification, and further research is needed to determine whether intervention in T2DM patients on the basis of this nomogram would promote risk reduction of DN or DR incidence and facilitate recovery. In our study, the prevalence rates of DN and DR were 27.97% and 11.33%, respectively, among T2DM patients from six communities in Shanghai, which was consistent with previous research. In recent years, the prevalence of complications in patients with type 2 diabetes has demonstrated a trend toward affecting younger people. This increasing trend in T2DM can be attributed to the rapid increase in urbanization and obesity. Health education should be carried out by the government for T2DM patients according to the risk factors. Through early detection and improvement of diabetes management, the quality of life of diabetic patients (in some populations) is improved, thus reducing early mortality.
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[^1]: **Note:** Data are presented as n (%), mean±SD or median (IQR).
